Few studies have examined the effects of early life conditions on the timing of the onset of heart disease. We use the remarkable example of a representative sample of the population of older Puerto Ricans aged 60-74 who lived in the countryside during childhood (n = 1,438) to examine the effects of seasonal exposures to poor nutrition and infectious diseases during late gestation on the timing of the onset and the probability of ever experiencing adult heart disease. Cox and log logistic hazard models controlling for childhood conditions (self-reported childhood health status and socioeconomic status [SES], rheumatic fever, and knee height) and adult risk factors (adult SES, obesity, smoking, exercise, and self-reported diabetes) showed that the risk of onset of heart disease was 65% higher among those born during high-exposure periods compared with unexposed individuals. However, there were no signifi cant differences in median time of onset for those ever experiencing heart disease. As a comparison, we found that there were no signifi cant seasonality effects for those who lived in urban areas during childhood. We conclude that early exposures in utero have important ramifi cations for adult heart disease among the older Puerto Rican population. We show, however, that while exposure is associated with the probability of ever experiencing adult heart disease, it is not associated with the timing of onset among those who do experience it.
. Failing to control properly for these conditions will infl ate the association between a valid indicator of early growth and adult health and mortality.
The Barker hypothesis has especially relevant implications for the developing world, where heart disease, for example, is projected to increase dramatically in the future (Kinsella and He 2009; Murray and Lopez 1996) . We do not know the degree to which interuterine growth restriction in early life is an important determinant of adult heart disease in these settings. In that regard, Barker's argument stresses the importance of different patterns of fetal growth. One of the most prevalent patterns of fetal growth in the Western world (Barker 2001) is one that results in disproportionate growth at birth (Figure 1, pattern A) . During the periconceptual period or early gestation, the magnitude of fetal demand for nutrients and the trajectory of fetal growth are established (Barker 2005; Godfrey and Barker 2000) . Fetal demand for nutrients is thought to be small until late in pregnancy, which is a period of rapid fetal growth and organ development (Barker 1995) , and particularly sensitive to variation in the supply of nutrients (Gardiner 2007; Godfrey and Barker 2000) . However, a more favorable nutritional environment in early gestation (Figure 1, pattern A) sets the fetus on a path of rapid growth with higher expected nutrient demands, which makes the fetus more vulnerable to undernutrition in late gestation. Undernutrition or malnutrition during this later period just before birth leads to slower growth, which can permanently affect organ development, generate disproportionate fetal growth, and result in small size at birth. The combination of small size at birth and subsequent slow infant growth and/or exposure to more abundant nutrition leading to rapid weight gain in childhood increases the susceptibility to later adult disease and raises the risk of adult heart disease (Barker et al. 2002; Eriksson et al. 2001; Osmond and Barker 2000; Osmond et al. 1993 ). Barker's argument maintains that living conditions may alter the risk of disease, or conversely that slow early growth may increase vulnerability to the effects of poor living conditions, but poor living conditions are not an important confounding factor ) and rather may add to the effects of early life conditions (Barker 1995) . Adult lifestyle (smoking, alcohol intake, and obesity) has also been shown to be independent from associations between birth weight and adult blood pressure (Godfrey and Barker 2000) .
A different pattern of fetal growth also resulting in disproportionate growth is invoked within the Barker framework. A fetus exposed to poorer nutrition in early gestation (Figure 1, pattern B ) has a slower trajectory of growth and is thus less vulnerable to maternal undernutrition during late gestation (Barker 2005) . The slow-growing fetus and eventually the infant and young child are still susceptible to the effects of exposure to a more abundant nutritional environment. However, the differential effects of timing (during late gestation, early infancy, childhood) of this kind of exposure are still largely unknown. If exposure to better nutrition occurs in late gestation, birth size may be larger or even closer to normal size (Painter et al. 2006; Roseboom et al. 2000) . Indirect evidence of the Barker hypothesis suggests that a slower-growing fetus may be able to recover in late gestation and live longer (Doblhammer 2004) . In contrast, recent evidence suggests that health problems may later occur (Painter et al. 2006; Roseboom et al. 2000) . If the slow-growing fetus continues to be exposed to undernutrition during late gestation, a small (probably more proportionately sized) baby is born, and exposure to more nutritional abundance in infancy or early childhood can result in similar types of problems as those associated with pattern A (Figure 1) .
The most direct evidence for the effects of nutrition during a particular gestational period comes from studies conducted on the Dutch Famine, in which famine conditions were suffi ciently short in duration to allow a more clear delineation of specifi c gestational periods (Painter et al. 2006; Ravelli et al. 1998; Roseboom et al. 2000) . These studies suggest that the timing of nutritional insults during pregnancy have different effects for different health outcomes. Thus, individuals exposed to famine during late gestation show impaired glucose tolerance as adults (Ravelli et al. 1998) , an example of fetal growth pattern A (Figure 1 ); those exposed to famine during early gestation show a (Roseboom et al. 2000) and early onset of heart disease (Painter et al. 2006) , an example of fetal growth pattern B (Figure 1 ). Nevertheless, the sample sizes for these studies have been small, and other famine studies have shown weaker or no associations between undernutrition in utero and later adult health ( Kannisto, Christensen, and Vaupel 1997; Stanner et al. 1997) . Abundant indirect evidence in the social sciences (demography and anthropology) and public health supports the fetal growth patterns presented in Figure 1 (Bengtsson and Lindstrom 2003; Costa 2005; Doblhammer 2004; Gavrilov and Gavrilova 2005; Mazumder et al. 2009; Moore et al. 1999) . These studies used season of birth to capture the effects of marked seasonality of diet and disease within a community. Season of birth could be a suitable and ideal measure of early growth and development in population surveys under certain conditions because it captures the seasonality of food supply and is unrelated to family background variables such as SES (Doblhammer 2004) . It is not a perfect indicator because other factors, such as differences among populations in immune functions and exposure to other infections or environmental risks, may be important (Gamble 1980; Guerrant, Lima, and Davidson 2000; Moore et al. 1999; Simondon et al. 2004 ). However, under some conditions (to be fully spelled out later), season of birth could be used in population surveys to disentangle the effects of substandard nutrition in utero from the effects of other childhood conditions (e.g., health, SES) and adult risk behavior on adult health status.
An important caveat is in order. So far we have used the notion of "nutritional status" as applied to mother or child as if it were unproblematic. Nothing could be further from the truth. Most of the literature linking poor fetal rates of growth and adult chronic disease says nothing about the nature of factors leading to poor nutrition. These can be very heterogeneous and may have very different implications for adult health and, more importantly, will almost surely alter the conditions under which our measures (season of birth among others) may be valid. The fi rst factor is maternal nutritional status, which depends on two variables: (1) maternal supply, which is entirely dependent on the ability to access highquality sources of nutrients; and (2) maternal demand for caloric intake, which is heavily dependent on the degree to which infectious and other diseases shore up metabolic requirements to maintain resistance and/or recovery functions at levels needed by the organism. On the fetal side, the same duality applies: conditional on maternal nutritional status, fetal nutritional status depends on supply and demand conditions. As in the case of the mother, the demand is a function of the disease environment to which the fetus is exposed. We know that infectious diseases may, by themselves, infl ict damage with potential consequences for adult health. Thus, for example, it is thought that some infections early in life may lead to subsequent infl ammation (Finch and Crimmins 2004) and to an overreactive immune system. However, these effects of an environment of infectious diseases are in addition to, not instead of, the effects generated by the infl uence of disease on nutritional demands.
The above qualifi cation has nontrivial consequences for measurement and, in particular, for the interpretation of the effects of season of birth, our main instrument in this study. Originally, seasonality was thought to represent the supply side of nutritional status: in societies navigating a Malthusian low-technology landscape depending on seasonal crops for survival, the timing of pregnancy could arguably become a matter of life or death or of good or bad health in adulthood. However, in many societies exposed to sharp weather oscillations, alternating highly dry with highly rainy periods, seasonality could well spell a different scenario: rainy seasons are more propitious for an abundance of vectors that are carriers of infectious diseases. Even if there were no seasonality in the food supply, seasonality of weather patterns could induce cycles of high and low nutritional demand. From the point of view of a mechanism relating fetal nutritional status to adult chronic disease, it is immaterial whether seasonality is punishing because of its impact on the supply of nutrients (keeping constant demand) or because of its effect on the demand of nutrients (keeping constant supply).
Overall, studies using season of birth have found that being born during or right after a harvest, when nutritional supplies are more plentiful, is associated with longer life. Because of the wide variation in nutritional abundance, those born after the harvest would have been exposed at conception to leaner times (Figure 1, pattern B) , and those born after a lean period would have been exposed at conception to better nutritional times ( Figure  1 , pattern A). Thus, Union Army veterans between 60 and 74 years old in 1900 and born in the second or third quarter (after leaner times) relative to the fourth quarter (after the harvest) did not live longer (Costa 2005) . U.S. birth cohorts from the late 1880s showed that those born in April-June (the time before the harvest) lived shorter lives than those born in October-November (Gavrilov and Gavrilova 2005) . Those born during the spring and summer in the 1800s in four rural parishes in southern Sweden experienced higher mortality risks than those born in the fall (Bengtsson and Lindstrom 2003) . Examining deaths from more recent times (1968, late 1980s-1990s) of individuals aged 50 and older in Denmark, Austria, Hawaii, Australia, and the United States, Doblhammer (2004) found that individuals born after the harvest lived longer than those born after the lean period; this pattern held when cause-specifi c mortality for heart disease in the United States was examined. Recent studies from Gambia show that rural Gambians born in the nutritionally deprived hungry season (July-December) had higher mortality risks than those born in the harvest season (January-June) (Moore et al. 1999) .
EARLIER HEALTH AND THE TIMING OF ONSET OF ADULT CHRONIC CONDITIONS
The bulk of research on effects of early conditions on adult illnesses focuses on the degree to which early exposure increases the risk of adult illnesses but is largely silent on the possibility that exposure could also affect the timing of onset of such illnesses (Barker et al. 2002; Eriksson et al. 2001; Gardiner 2007; Gluckman and Hanson 2006; Osmond et al. 1993) with only a few noted exceptions (e.g., Painter et al. 2006) . It might be expected that smallness at birth because of already compromised fetal development combined with slow growth in infancy and later rapid growth in childhood might set the stage not only for higher risk of heart disease but also for earlier onset of heart disease. However, to date we have not had access to the necessary data to examine early onset of disease and nutrition during different periods of gestation because this requires knowledge of two elusive variables: the timing of the onset of disease and nutrition during different gestational periods. The recent exception is a study on early onset of heart disease (Painter et al. 2006) , which suggests that growth retardation in utero may lead to early onset of heart disease and that the fetal growth pattern B (Figure 1 ) might be an important pathway. However, the sample size for this study was small, and thus the conjecture of a relation between early exposure and timing of onset of adult illnesses was not thoroughly put to the test.
The aim of this article is to test the degree to which there is an association between early conditions in utero and the timing of onset of heart disease by using a remarkable case study of older Puerto Ricans. Few studies have examined the present health of older Puerto Ricans, but our previous research shows that Puerto Ricans over age 60 in general have a higher prevalence of obesity (a risk factor for heart disease) but a lower prevalence of heart disease in comparison with mainland U.S. adults over age 60. We have also shown that early life conditions, especially poor early childhood health and rheumatic fever, help explain part of the variability of the prevalence of heart disease (Palloni et al. 2005) . We also examined the effects of season of birth on adult heart disease on a subset of older Puerto Ricans who were born and lived during childhood in the countryside; we found a higher prevalence of heart disease among those born at the end of the lean season (McEniry et al. 2008) . In this article, we extend this line of inquiry to examine whether season of birth also predicts early onset of heart disease and the possible reasons for any differences in patterns with the Dutch Famine studies (Painter et al. 2006; Roseboom et al. 2000) .
THE CASE OF PUERTO RICO
The population of older Puerto Rican adults born during the late 1920s to early 1940s presents a remarkable case study by which to examine the effects of early life exposures on adult heart disease. Puerto Ricans themselves present a unique mixture of U.S., Latin American, and Caribbean cultures, but the cohort of Puerto Ricans born in the late 1920s to early 1940s was unique in at least three important aspects. First, a large proportion of older adults born and raised in Puerto Rico in rural areas during this period were probably exposed to poor nutrition during pregnancy and early infancy due to social and economic circumstances during the late 1920s, when conditions in rural areas were precarious and when a large proportion of Puerto Ricans were unemployed or underemployed during extended periods of the year (Clark 1930) . Second (and more importantly), by the late 1920s, sugarcane dominated the agricultural sector in Puerto Rico; and because this industry followed a very marked seasonal pattern for agricultural workers (Clark 1930; Gayer, Homan, and James 1938) , wages, the single most important means to purchase food and have a proper diet, also followed a similar seasonal pattern ( Figure 2 ). These circumstances make it more feasible to entertain hypotheses regarding the cyclical nature of early nutrition for rural Puerto Rican families. The cutting season occurred in the fi rst half of the year (January-June), and rural families would have experienced better nutritional times due to both an abundance of provisions and adequate wages. This season was followed by a slack season lasting most of the second half of the year, when rural families would have experienced a less favorable nutritional environment. Third, the peak season for exposure to infectious and parasitic diseases also occurred during a relatively specifi c period during the second half of the year, coinciding with the hurricane season (August-October); this period brought heavy rains and fl ooding, which increased exposure to infectious and parasitic diseases such as malaria and dengue and created conditions that enhanced the transmission of bacterial diseases such as dysentery, cholera, and diarrhea (Rigau Pérez 2000) . Increased exposure to seasonal infectious and parasitic diseases can augment the impact on nutritional status for both a mother and her fetus (Moore et al. 1999; Scrimshaw 1968 Scrimshaw , 1997 . Thus, poor nutrition due to reduced purchasing power was complicated by exposure to infectious diseases, thus producing more negative environments for mothers, unborn children, and infants alike.
In our analysis, we focus on rural families because conditions in rural areas were precarious in Puerto Rico during the late 1920s to early 1940s and because our previous research shows no effects of seasonality in more urban areas (McEniry et al. 2008 ). Although we cannot elucidate the mediating mechanisms, we can eliminate competing hypotheses explaining the observed association. We hypothesize that late gestation (third trimester) is particularly important for nutritional defi ciencies and that the highest and lowest risk of exposure for rural Puerto Rican families in the late 1920s to early 1940s was prior to the beginning of the sugarcane harvest (October-December) and toward the end of the harvest (April-June), respectively ( Figure 2 ). We conjecture that the level of exposure during late gestation is associated not only with the risk of occurrence of heart disease but also with the timing of onset of heart disease. In particular, the timing of onset of heart disease should be earlier for those who were born toward the end of the lean season and who were completely exposed during late gestation to the period with worse conditions; the timing should be later for those born during seasons of abundance (close to the end of the harvest season), when there was no exposure during late gestation. Risks of contracting heart disease should also be higher for those born toward the end of the lean season and lower for those born during seasons of abundance.
This investigation is important for two reasons. First, because little research has examined the possibility that poor nutrition in utero also affects early onset of heart disease, it is thus uncharted territory that deserves more attention. Second, relatively little research has examined the merit of the Barker hypothesis among older adults in Latin America and the Caribbean, and Puerto Rico presents a unique case study with which to examine the hypothesis. The particular nature of the seasonal variation of nutrition in the Puerto Rican countryside during the late 1920s to early 1940s provides an opportunity to further examine the two widely prevalent patterns of fetal growth in the Western hemisphere ( Figure 1 ). The Puerto Rican nutritional pattern for rural families was one in which those born at the end of the lean time (hypothesized to be a greater risk for adult heart disease) were exposed to more favorable nutrition conditions in early gestation (during the harvest period), whereas those born toward the end of the harvest (hypothesized to be a lower risk for adult heart disease) were exposed to less favorable nutrition in early gestation. Finally, relatively little research has shown the relative importance of in utero exposure to poor nutrition, other childhood conditions, and adult risk factors for adult heart disease. Our study attempts to do this by controlling for other childhood conditions and adult risk factors.
METHODS AND DATA

Data
The Puerto Rican Elderly: Health Conditions (PREHCO) project was designed to gather quality baseline data on issues related to the health of elderly Puerto Ricans (PREHCO 2007) . The data collected offer a substantial amount of information within the limits permitted by face-to-face interviews in a cross section. PREHCO is a cross-sectional survey of the noninstitutionalized population aged 60 and over and their surviving spouses. The sample Source: Clark (1930) . Data are for sugar, tobacco, and coff ee plantations, 1924-1926.
Notes: Th e fi gure is reprinted by permission from the Journal of Gerontology, where it was originally printed (McEniry et al. 2008) . Th e graph depicts a composite employment index weighting the number of days worked in the three most important agricultural areas (sugarcane, coff ee, and tobacco) by the number of laborers reported in these industries in the 1920s. Agricultural employment followed a cyclical pattern similar to that of the sugarcane industry, in which employment was highest during the fi rst six months of the year and lowest during the later part of the year (Clark 1930 Despite the very high response rate, an analysis of nonrespondents was conducted, but no signifi cant differences were found between those who responded and those who did not respond.
Measures
Prenatal exposures. We defi ned seasonal exposure to poor nutrition and infectious diseases based on birth quarter and the months of the slack or lean season (July-December) in the Puerto Rican sugarcane industry (Clark 1930; Gayer et al. 1938 ). The peak season for infectious diseases such as malaria also occurred during this period (Rigau Pérez 2000) . Mid-to late gestation and early infancy may all be sensitive times to poor nutrition. However, we began with the supposition that late gestation is most relevant. Based on this assumption, we identifi ed different levels of exposure according to the degree of overlap between the third trimester of gestation calculated from the report of month of birth and the months of the slack season defi ned above. Full exposure (fourth quarter of birth) means that the third trimester fell completely within the slack period. Partial exposure means that the third trimester of gestation fell partially within the window defi ned by the slack months, either early (third quarter) or late (fi rst quarter). No exposure during the third trimester was reserved for those whose third trimester of gestation fell completely out of the window of slack months. Dummy variables were created to represent these levels of exposure, with the reference group being the no exposure group. Childhood conditions. To assess childhood conditions, we used retrospective questions on childhood health and childhood SES and anthropometric measurement of knee height. Respondents were asked to rate their childhood health using a fi ve-point scale: "Would you say that your health as a child was excellent, very good, good, fair, or poor?" This type of self-reported childhood health has good reliability in the developed world and has been associated with indicators of poor intrauterine development (Haas 2007 ). In addition, these self-reports are quite consistent across the two waves of the PREHCO study, and their changes are not associated with changes in self-reported conditions or health. If the effects of poor early exposures in utero are confounded with childhood health, and if season of birth is an adequate measure of in utero nutritional experiences, then we should be able disentangle the effects of childhood health.
There is no consensus in the literature regarding the defi nition and use of these variables. However, in our study, we were most interested in the effects of poor childhood health. Thus, we created a dichotomous variable for poor childhood health, where 1 indicated that the respondent rated their health during childhood as poor and 0 indicated all other responses. Poor childhood socioeconomic status was classifi ed as either with or without formal education using self-reports of father's education. The occupation of the respondent's father was self-reported and classifi ed as either agricultural or not according to the international standard classifi cation of occupations (International Labor Organization 2004) .
Knee height was measured in the home of the respondents. We used gender-specifi c quartiles of knee height as a proxy for early stunting (Eveleth and Tanner 1990) . Knee height is thought to be particularly sensitive to nutritional status during childhood (Leitch 1951) , although there is no consensus regarding its defi nition for adults and it has not been frequently measured in population surveys. In the anthropometric literature, height is often measured using quartiles (Gunnell et al. 1998 ). Thus, we used quartiles of knee height and defi ned gender-specifi c dichotomous variables, where 1 indicates the lowest quartile of knee height and 0 indicates all other quartiles.
Adult risk factors. Major adult risk factors for heart disease (Kuh and Ben-Shlomo 2004) were measured: (1) body mass index (BMI) was calculated from weight and height measurements as weight in kilos divided by height in meters squared, and then classifi ed as obese if BMI was greater than or equal to 30; (2) respondents who ever smoked were identifi ed through their responses to survey questions about whether they had smoked more than 100 cigarettes in their lifetime; (3) individuals who exercised were identifi ed according to responses about whether they had done strenuous exercise on a regular basis during the past 12 months; (4) diabetes was defi ned as a dichotomous variable based on respondents' answers to questions about whether a doctor had ever diagnosed them with diabetes; and (5) respondents' assessment of number of years of schooling was used to identify highest level of education as primary versus higher levels of educational attainment.
Timing of heart disease. Respondents experienced the event (heart disease) if they answered affi rmatively to a question about whether a doctor had ever diagnosed them with heart disease. We defi ned time at onset of heart disease as the respondents' self-reported age and included those with an age of onset of at least 40 years (this excluded only 21 respondents, and we found no difference in the analysis after we later included them). We rescaled the time of onset of heart disease to start at 0 by subtracting age of diagnosis from age 40 for respondents with heart disease and subtracting current age from 40 for respondents without heart disease. We evaluated irregularities and heaping by examining a plot of the frequency distribution of the estimated age of onset. Graphical results showed no evidence of systematic errors (results not shown). They refl ect only noise and a tendency to round off digits, but even these distortions are of minor consequence and, if anything, should only lead to attenuation of estimated effects.
Models and Estimation
Imputation. In an effort to include all relevant cases we used multiple imputation procedures (Raghunathan, Reiter, and Rubin 2003; Rubin 1987; Schafer 1997; Van Buren, Boshuizen, and Knook 1999) implemented in IVEware (Raghunathan, Solenberger, and Van Hoewyk 2007) on the entire sample of PREHCO respondents. For details on the imputation procedure, see the appendix.
Subsample for estimation. We selected a subsample of elderly who stated that they were born in Puerto Rico and who responded affi rmatively to a survey question that asked them if they had lived for a prolonged period of time in the countryside prior to the age of 18 (n = 1,438 out of 4,293). The rural population was at a considerably higher risk for poor nutrition than the urban population during the 1920s to early 1940s (Clark 1930) . A high percentage of respondents were born in Puerto Rico (97%). We hypothesize that those who lived in the country as a child had the highest risk of exposure to defi cient prenatal nutrition while also being exposed to infectious diseases. Ignoring rural-urban differences and estimating effects on the entire samples would underplay the role of weather seasonality. In addition, We selected respondents aged 60-74 to generate estimates for the subpopulation that was most at risk of having been affected by harsh early childhood experiences and that simultaneously had larger probabilities of surviving due to their exposure to the massive deployment of medical technologies and public health measures during the period after 1930 (Palloni et al. 2005) . Thus, this cohort may be able to provide us with some insights into whether early childhood experiences are important in later life since it is less affected by mortality-driven selection than the group of cohorts who preceded them (those aged 75 and older). To provide a telling contrast, we also estimated our models in the subsample of those born in more urban areas in Puerto Rico (n = 1,128 out of 4,293).
Estimation. We estimated Kaplan-Meier survival, hazard, and cumulative hazard functions and employed the log rank test to test statistical differences between survival curves. This was done separately for the subsamples of individuals who spent long periods of time under age 18 in rural areas and those who did not. We also estimated models including cases in which respondents indicated that onset of heart disease began before the age of 40. Median age of onset for those who experienced heart disease was computed using Kaplan-Meier survival analysis and was observed to be 60 in both subsamples. We estimated the effects of level of exposure on the timing of heart disease through a series of Cox regression models as well as through models in which we parameterized the baseline hazard with a log logistic regression. This was done since the Nelson-Aalen estimator of the hazard risk suggested strong nonmonotonicity with duration of exposure. 1 Standard tests assessed the adequacy of model fi t and assumptions: (a) Cox-Snell residuals to test for the overall fi tness of models, and least square regression to describe the slope and y-intercept of plots of Cox-Snell residuals and Nelson-Aalen estimator hazard estimates; (b) plots of log-log of survival against the natural log of time to test the proportional hazards assumption of the Cox model; and (c) plots using natural log of the cumulative hazard from the Nelson-Aalen estimator to test appropriateness of the log logistic model (Klein and Moeschberger 1997) . We calculated predicted values for the hazard and cumulative hazard. Because different gestational exposure can affect (1) the timing of onset of the disease and (2) the probability of ever experiencing the event, we carried out auxiliary tests to discriminate between these two mechanisms. The fi rst was to compare the median time to the onset of the disease among those who actually experienced the event in the high-and low-exposure groups. The second was to compare the proportion who ever developed the disease across the same exposure groups.
RESULTS
General Characteristics of the Sample
The only variable among the selected variables of interest (Table 1) to show a statistically signifi cant association with seasonal exposure was heart disease (χ 2 (3) = 12.37, p = .0060). Those who experienced full exposure during late gestation (fourth quarter) to poor nutrition and infectious diseases showed the highest prevalence of heart disease (23%). Those with partial exposure showed a lower prevalence of heart disease (18%, 15%), and unexposed individuals (second quarter) experienced the lowest prevalence of heart disease (11%). Examination of the distribution of self-reported age at diagnosis revealed no systematic biases generated by heaping or other types of distortions that are common with recall of the timing of events (results not shown). There were no statistically signifi cant differences in prevalence of heart disease across season of birth for respondents who lived in urban areas during childhood (n = 1,128, results not shown).
1. We also estimated models testing for interactions between season of birth and infectious diseases (e.g., malaria, dengue) and father's agricultural employment, but we found no signifi cant effects and thus do not report these models here. Finally, we estimated models without controls for knee height, but the results did not change and thus are not reported here.
Kaplan-Meier Estimates
A log rank test confi rmed strong signifi cant differences between the survival curves of time to diagnosis of heart disease by level of exposure (χ 2 (3) = 8.91, p = .0306). There were fewer events (diagnosis of heart disease) among unexposed persons than among those with complete exposure: the observed number of events among those exposed was 86, whereas the expected number was 68. Among the unexposed, the observed number of events was 55, and the expected number was 72. There was no difference between observed and expected frequencies in the other categories of exposure. The estimates of the smoothed hazard and cumulative hazard functions by quarter of birth suggest larger differences due to level of exposure after age 60 (Figure 3) . The risk of developing heart disease in the group with full exposure during late gestation (fourth quarter) was approximately twice as high as for those within the unexposed category (second quarter) at later ages. The baseline hazard function showed a monotonic increase with age, peaking at around ages 65-67 and then decreasing. There were no statistical differences in survival curves by level of exposure for respondents who lived in urban areas during childhood (n = 1,128, results not shown). Source: PREHCO imputed and weighted (n = 1,438 from full sample of 4,293); all 60-to 74-year-olds who were born in Puerto Rico, lived in the countryside before age 18, and indicated that the onset of heart disease was at least at age 40.
Notes: Th e broad exposure period is July-December, and the level of exposure is based on the overlap between the third trimester of pregnancy and the lean harvest season: full exposure (fourth quarter), partial exposure (fi rst quarter or third quarter), and no exposure (second quarter). Mean age and knee height are followed by standard deviations in parentheses. Th e distribution of births by seasonal exposure is displayed in the last row of the table.
Multivariate Models: Simple Cox Models
Age-and sex-adjusted relative hazards for full exposure during late gestation and for childhood health and rheumatic fever using Cox regressions were 1.71 (95% CI: 1.22, 2.41), 1.38 (95% CI: 1.06, 1.79) and 2.69 (95% CI: 1.58, 4.58), respectively (Table 2, Models 1 and 2). Very similar relative hazards were obtained in a model including these variables simultaneously and then all covariates (Table 2, Models 3 and 4). The risk of reporting heart disease was 65% higher among those born with full exposure (fourth quarter) compared with unexposed individuals (second quarter). As expected, and confi rming other fi ndings in the literature (Elo and Preston 1992) , early experience with rheumatic fever had the most powerful effects, more than doubling the risk of heart disease. The model was deemed appropriate by the Cox-Snell test, which suggested a high degree of fi t. 2 A plot of the log-log of survival against the natural log of time adjusted for covariates produced parallel lines across level of exposure (quarter of birth); thus, the proportionality assumption of the Cox model was also deemed to be reasonable (results not shown). There were not statistically signifi cant effects of seasonality on heart disease for respondents living in urban areas during childhood (n = 1,128, results not shown).
Multivariate Models: Log Logistic Models
Age-and sex-adjusted log logistic regression time ratio (TR) for full exposure during late gestation, childhood health, and rheumatic fever were 0.78 (95% CI: 0.67, 0.92), 0.86 (95% CI: 0.76, 0.98), and 0.61 (95% CI: 0.46, 0.81), respectively (Table 3 , Models 1 and 2); these 2. Regression of the Cox-Snell residuals on the Nelson-Aalen estimates produced an R 2 of .98 with slope close to 1 (1.04) and y-intercept close to 0 (-0.01).
Figure 3. Kaplan-Meier Hazard Estimates by Level of Exposure During Late Gestation
Source: PREHCO imputed (n = 1,438); 60-to 74-year-olds who were born in Puerto Rico and lived in the countryside as a child. Source: PREHCO imputed (n = 1,438 from full sample of 4,293); 60-to 74-year-olds who were born in Puerto Rico and lived in the countryside before age 18. Th e broad exposure period is July-December, and the level of exposure is based on the overlap between the third trimester of pregnancy and the lean harvest season: full exposure (fourth quarter), partial exposure (fi rst quarter or third quarter), and no exposure (second quarter). In Model 4, omitting knee height produced similar results.
Notes: Numbers shown in the table are relative hazards; 95% confi dence intervals are in parentheses. Source: PREHCO imputed (n = 1,438 from full sample of 4,293); 60-to 74-year-olds who were born in Puerto Rico and lived in the countryside before age 18. Th e broad exposure period is July-December, and the level of exposure is based on the overlap between the third trimester of pregnancy and the lean harvest season: full exposure (fourth quarter), partial exposure (fi rst quarter or third quarter), and no exposure (second quarter).
Notes: Numbers shown in the table are time ratios; 95% confi dence intervals are in parentheses. effects were largely unchanged when these variables were combined into one age-and sexadjusted model (TR 0.79, 95% CI: 0.68, 0.93; TR 0.86, 95% CI: 0.76, 0.98; TR 0.62, 95% CI: 0.46, 0.82) ( Table 3 , Model 3). Similar results were obtained when a model with all covariates was estimated (Table 3 , Model 4). Being born with full exposure (fourth quarter), poor childhood health, rheumatic fever, obesity, and diabetes "sped up" the time of onset of heart disease, with the strongest effect observed for rheumatic fever. The (expected) median time for onset of heart disease for those born with full exposure (fourth quarter) was about 0.80 times that of the median time to diagnosis for unexposed persons (second quarter). Tests for the adequacy of this model suggest that it successfully captures empirical patterns. 3 The effects of seasonality on heart disease were not statistically signifi cant for respondents living in urban areas during childhood (n = 1,128; results not shown).
Given that both the Cox and log logistic models produced similar fi t with the data, it is not surprising that predicted hazards and cumulative hazards from each were very similar, although the log logistic model tended to produce greater hazards at older ages (Figure 4) . At older ages, the hazard doubled for full exposure (fourth quarter) in contrast with unexposed persons (second quarter). Hazards of partial exposure appeared closer to that of full exposure.
The median age at onset of heart disease varied slightly across seasons of birth (Table  4 ), but these differences were not statistically signifi cant. However, there were important 3. A linear regression of Cox-Snell residuals on the Nelson-Aalen estimator hazard estimates produced an R 2 of .98 with slope close to 1 (1.18) and with y-intercept close to 0 (-0.03). The fi t was very similar to that obtained with a simpler Cox model. An additional test using the Nelson-Aalen estimate of the cumulated hazard again suggested strong concordance between the model and the empirical data (results not shown). .03 differences in the proportion ever experiencing heart disease: the greatest difference was between full exposure (23%) and unexposed individuals (11%), with partial exposure in between (15% and 18%). There were no statistical differences noted in median age at onset of heart disease for respondents who lived in the urban areas during childhood (n = 1,128; results not shown).
Smoothed Hazard Function
DISCUSSION
In this article, we examined whether exposure to poor nutrition and infectious diseases in utero is associated not only with the occurrence of heart disease but also with the timing of the onset of heart disease. Consistent with our expectations, the lifetime (after 60 years of age) risks of experiencing heart disease are signifi cantly higher among those with high exposure to poor nutrition and infectious diseases during late gestation (as proxied by an indicator of season of birth) among 60-to 74-year-old Puerto Ricans. Full exposure (being born at the end of the lean season) produced risks of onset of heart disease that were 65% as high as among unexposed individuals (born at the end of the harvest season). However, there was little evidence to confi rm that exposure in utero predicts or affects in any other way the timing of the onset of adult heart disease as has been suggested from other studies of the effects of early life during famine conditions (Painter et al. 2006) . No associations between season of birth and heart disease materialized for those who did not live in the countryside as a child, and thus the results also corroborate earlier fi ndings regarding the validity of season of birth as a measure of early nutrition and infectious disease exposure (McEniry et al. 2008) . Childhood health, rheumatic fever, obesity, and diabetes showed important effects on the risk and timing of the onset of heart disease and, with the exception of rheumatic fever, these effects were similar in importance to the effects of seasonal exposure. Other studies have shown the importance of these factors to adult health (Elo and Preston 1992; Haas 2007; Kuh and Ben-Shlomo 2004) , but as far as we know, no other studies have examined the degree to which the effects of childhood health are attenuated when season of birth is added to model estimation. The magnitude of effects for seasonal exposure on heart disease refl ects an arguably substantial impact. At the population level, however, its impact must be rather tenuous because the distribution of births by seasons is unlikely to change much Th e cutoff point for onset of heart disease is defi ned at age 19 or all possible ages (n = 1,456). Th e same results were obtained when we included childhood onset of heart disease (n = 1,459).
from year to year, except before or after social and economic upheavals or population crises of one sort or another. However, the results do suggest that early life exposures, at least for older Puerto Rican adults, appear to be of similar importance as these noted childhood and adult risk factors.
It is noteworthy that our results provided evidence to support the consequences of the type of fetal growth patterns suggested by the Barker hypothesis (Figure 1, pattern A) regarding the importance of early gestation in setting the path of fetal growth trajectory and creating the stage for more or less vulnerability in gestation to undernutrition. Puerto Ricans born at the end of the lean season (who have a higher risk of heart disease) would have experienced early gestation during more favorable circumstances (in the second quarter, at end of the harvest). This pattern of exposure and risk of heart disease supports the Barker idea that a more favorable nutritional environment in early gestation sets the fetus on a path of rapid growth that may cause problems if the fetus experiences severe undernutrition during late gestation (Barker 2005) . Puerto Ricans born at the end of the harvest season (who have a lower risk of heart disease) would have experienced early gestation during less favorable circumstances (in the third quarter) and presumably, according to the Barker hypothesis, would have experienced slower growth and have been less affected by an undernourished late gestation. Puerto Ricans, however, most likely experienced better nutrition during late gestation (in the harvest season). This result is consistent with several studies that have indirectly shown the importance of nutrition in the third trimester and adult health status (Costa 2005; Doblhammer 2004; Gavrilov and Gavrilova 2005; Moore et al. 1999; Prentice and Cole 1994) .
Our overall findings contradict the Dutch Famine studies (Painter et al. 2006; Roseboom et al. 2000) . Several possible reasons exist for the contradictory fi ndings:
1. Different etiologies of heart disease exist in different environments, and the physiological mechanisms related to timing in nonfamine conditions may be different than those operating with timing during conditions of famine (Godfrey and Barker 2000) .
2. The relatively small sample sizes obtained in the Dutch Famine studies call into question the reliability of their fi ndings (Huxley 2006) . 3. It is also possible that the peak season for infectious diseases in Puerto Rico coincides almost perfectly with the lean season and that we were not able to clearly separate the effects of nutritional defi ciencies from those that result from maternal contraction of infection or parasitic illnesses. 4. Seasonality of birth is problematic partly because it is not exact and may not coincide with the critical time for everyone, and partly because focusing exclusively on the third trimester may have missed the mark. Furthermore, it was unclear the degree to which season of birth adequately refl ected conditions experienced in utero or instead was a better indicator of conditions experienced immediately after birth. The differential effects of the timing of exposure during mid-and late gestation and early infancy on adult health are largely unknown, although we know that slow growth during early infancy is associated with later heart disease (Barker et al. 2002; Eriksson et al. 2001; Osmond et al. 1993 ). In the case of Puerto Rico, those born toward the end of the lean season would have been fully exposed during late gestation to the lean period, but they then would have been exposed during their early infancy (the fi rst 6-8 months) to less harsh conditions during the harvest time. The results we obtained, however, suggest that the negative effects of exposure during late gestation completely overwhelmed the benefi cial effects derived from spending early infancy in times of relative slack.
5. Mortality selection in the PREHCO study may be another reason for the differences in results. However, mortality selection produces downward bias on estimated effects and thus produces conservative lower-bound estimates.
6. Even though our sensitivity analyses of different cutoff points for defi ning onset of heart disease produced similar results, it may be that differences in the distribution of age at onset of heart disease and the older ages of the PREHCO sample help explain differences in the results obtained.
There are a number of additional issues that remain unresolved. The fi rst is the degree to which the use of national-level data is appropriate to test a hypothesis that is clearly sensitive to community heterogeneity. This diffi culty is of less importance in small and highly homogeneous countries such as Puerto Rico, where national and regional seasonality and economic indicators are highly consistent with each other, but it is a stumbling block otherwise. Second, there are limitations of measurement in population surveys that make it impossible to obtain precise estimates of effects. In addition to the limitations imposed by using season of birth as an indicator of exposure in utero, it is possible that self-reported time of fi rst diagnosis for heart disease contained systematic biases, other than those generated by random noise or heaping, that were not obvious after visual inspection of the data. Self-reported chronic conditions, although underreported (Baker, Stabile, and Deri 2004; Goldman et al. 2003) , have been shown to identify at least some underlying chronic conditions, including diabetes and heart disease, reasonably well (Banks et al. 2006 ). However, even if there were extensive underreporting of heart disease and if underreporting were unrelated to errors either in reporting of early conditions or in the date at birth, we would have been downplaying the role of season of birth and early conditions because the estimated variances of the associated coeffi cients would be infl ated.
Despite these caveats, our fi ndings are remarkably robust. If anything, our models overcontrolled for traits that, in theory at least, are affected by early exposure. Such is the case for height, knee height, BMI, and even diabetes. However, we found very similar results, and our inferences remained unchanged when these were excluded from model estimation. It is clear then that our estimated effects should be considered lower bounds of the true estimates and that our inferences are on the conservative side. Thus, although we found evidence for the association between a higher prevalence of heart disease and in utero conditions but did not fi nd a case for the early onset of heart disease, our results suggest that early life conditions among this population of older Puerto Ricans had important health ramifi cations in their later adult years.
APPENDIX: MULTIPLE IMPUTATION
As part of the multiple imputation procedures (Raghunathan et al. 2003; Rubin 1987; Schafer 1997; Van Buren et al. 1999) , we included all relevant cases, including item nonresponse as well as target individuals who were interviewed with proxies and for whom we did not have information on early conditions. The percentage of missing responses among the subsample of those born in Puerto Rico who lived in the countryside as a child was very small: less than 1% in all variables used except knee height and obesity, for which missing responses were at 3%. Missingness was higher for these variables because they required anthropometric assessments. Our primary interest, however, was the imputation of items about living in the countryside as a child and early conditions among those who required a proxy respondent and from whom no information about early conditions was elicited. These cases were important since, by defi nition, their health status was likely to be worse than among the rest of the sample. Finally, we were also interested in including about 8% of cases with missing age at onset of heart disease.
Thus, we imputed missingness in our variables due to either survey nonresponse or to item nonresponse with models that were suited to the outcome of interest. We adapted a Bayesian imputation approach originally proposed by Rubin (1987) . These procedures require that missingness is ignorable-that is, that the pattern of missingness for each variable does not depend on the value of the missing item after conditioning on other observed variables available in the data-and that any parameters that may govern missingness are related to the parameters in our models of interest. To the extent that different types of missingness are predicted with the available data in PREHCO (e.g., item missingness and proxy responses), our estimations for multiply imputing missingness take into account many of the observed factors that could explain missingness. This enabled us to maximize the opportunities for satisfying the assumption of ignorable missingness.
We used IVEware in SAS by Raghunathan et al. (2007) . A total of fi ve imputed data sets were determined to suffi ciently capture the between-sample variance in our model estimates across multiple imputed data sets. Both categorical and continuous variables were imputed. We then selected the subsample of 60-to 74-year-old respondents from the imputed data for model estimation.
